Objectives: A 36-year-old Asian man was referred to our hospital with cardiac metastasis. He had a history of alveolar soft part sarcoma and initially underwent resection in 2005. Methods: After exposing the tumor by thoracotomy, cryoablation was performed under ultrasound guidance. This treatment was combined with iodine-125 seed implantation to treat the cardiac metastasis. Results: The patient had an uneventful recovery, and his cardiac function shows no obvious abnormalities. Imaging techniques suggest that cardiac metastasis was well controlled, and the patient is still alive 12 months after treatment. Conclusions: Tumor cryoablation, combined with iodine seed implantations, may be regarded as a means of palliative treatment. 
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What Is It about?
There is no effective standard systemic treatment for patients with unresectable aveolar soft part sarcoma (ASPS). Therefore, new locoregional and systemic therapies are needed. We present one of the first cases in which a patient with ASPS and cardiac metastases received palliative treatment comprising cryoablation with iodine-125 implantation. Follow-up and 1-year overall survival data indicate that the tumor was significantly controlled, and suggest that this treatment is effective. Further studies are warranted.
Introduction
Alveolar soft part sarcoma (ASPS) is a rare, highly vascular tumor that accounts for less than 1% of soft tissue sarcomas [1] . It often originates in the muscle and deep soft tissues of the extremities, but it has also been found in organs without skeletal muscle, such as the lungs, breasts, stomach, bone, and the female genital organs [2, 3] . The most common sites of metastases are the lung (38%), brain (33%), and bone (33%) [4] , and cardiac metastases from ASPS are rare [5] . ASPS is an indolent disease with characteristically slow growth, but it is associated with poor overall outcome and a 5-year survival rate of only 20% in unresectable metastatic patients [6, 7] . Tumor resection is the main choice of treatment since standard cytotoxic chemotherapy regimens used for the treatment of soft tissue sarcomas are ineffective in treating ASPS [8] . Currently, there is no effective standard systemic treatment for patients with unresectable ASPS [6] .
In this study, we present a successful case of cryoablation combined with iodine-125 seed implantation in the treatment of cardiac metastasis from ASPS.
Case Report
A 36-year-old Asian man was referred to our hospital with cardiac tumor metastases from ASPS. In July 2005, he underwent surgical resection for a tumor in his right lower extremity; pathological examination indicated ASPS. Postoperative care included radiotherapy, although the radiation dose was unclear. In August 2007, follow-up CT scans showed multiple lung metastases, for which the patient received systemic chemotherapy. Despite treatment, the metastases gradually increased and so the patient underwent lung metastasis resection of the left and right lung in June and September 2013, respectively. In June 2014, follow-up CT scans indicated double kidney metastases; the patient consequently underwent right renal tumor resection and, 3 months later, left renal tumor resection. In January 2015, left lung metastases were again found, and the patient underwent cryoablation. In June 2015, metastases were found in the right adrenal gland and pericardium, leading to treatment by CyberKnife. The patient was then admitted to our hospital for further treatment of cardiac metastasis.
Physical examination was almost normal. CT examination of the right ventricular wall showed a localized metastasis of about 4.9 × 3.8 × 3.4 cm ( fig. 1 ) with large amounts of pericardial effusion. Electrocardiogram examination was normal, and there was no detectable valvar abnormality. Transthoracic echocardiography revealed a 43 × 40 mm low echogenic tumor that was invading the myocardium of the apex of the right ventricular wall, and the border of the tumor was poorly defined.
Although we recommended a surgical or transvenous biopsy, the patient did not wish to undergo this procedure and so the metastasis was not histologically confirmed. However, given the echocardiographic and CT features and the patient's past history, we suspected the tumor to be a metastasis from ASPS. After multidisciplinary discussion, we considered cryoablation combined with iodine seed implantation to treat the cardiac metastasis. We obtained the patient's informed consent and undertook the operation on August 3, 2015. The procedure was carried out as follows: a 10-cm-long incision was made along the midline of the sternum in the lower one-third to cut the skin and subcutaneous layers. Next, the xiphoid was removed and the sternum split 5 cm longitudinally. A transverse apical incision was made to enter the chest and expose the pericardium. The pericardium was cut, and about 350 ml of red bloody fluid in the pericardial effusion was aspirated. After exploration, a gray-white lump of approximately 5 × 4 × 3 cm was seen in the lower wall of the right ventricle. The surface was uneven and hard, and there was no sense of myocardial contractility. Under ultrasound guidance, a 1.47-mm cryoprobe in stick mode was inserted into the tumor to administer a small amount of freezing gas ( fig. 2 ) .
Next, we implanted iodine seeds in the tumor target area and administered D 90 of iodine-125 seeds at 110 Gy, according to the preoperative treatment planning system program. Total radioactivity was 21.0 mCi, and the half-life was 60.1 days. After the iodine seeds have been implanted, the cryoprobe was used in freezing mode to administer two freeze-thaw cycles given as follows: freezing at -120 ° C for 5 min then thawing at 1 ° C for 1 min. An ultrasound scan showed that the size of the ice ball was about 2.5 × 2.5 × 3.0 cm. After rewarming, the cryoprobe was removed.
Surgery proceeded smoothly with a blood loss of approximately 50 ml; the patient's vital signs were stable. One 8-Fr drainage tube was inserted into the pericardial sac to allow culture of the drainage fluid for bacterial and cancer cells.
We performed a CT scan 1 day after the operation to assess any initial changes in the ablated lesion and monitored procedural-related side effects ( fig. 3 ). 
Results
After the operation, the patient recovered well. The scan of the ablated zone after treatment showed no major procedure-related complications. The level of isoenzyme creatine kinase-MB was normal 1 day after the operation.
Seven days after the operation, a color Doppler ultrasound examination showed a small amount of pericardial effusion (3-5 mm liquid). Since we considered that this could be selfabsorbed by the patient, we removed the pericardial drainage tube. An electrocardiogram examination showed no abnormalities. No minor or major complications were noted at the end of the procedure or during the following 1-and 3-month follow-up CT scans. The 3-month CT scan showed that the size of the ablated zone had decreased to about 4.7 × 3.7 × 2.9 cm. No recurrent tumor was observed, and the original pericardial effusion had been absorbed ( fig. 4 ) . Color Doppler ultrasound indicated that the size of the ablated zone was more decreased than before, and it showed no obvious abnormalities or pericardial effusion.
Discussion
In a previous study, the incidence of primary cardiac malignant neoplasm on autopsy ranged from 0.001 to 0.28% [9] . These tumors were benign in 75% of cases and malignant in 25%, of which 4% were primary malignancies and 96% cardiac metastases. However, the incidence of cardiac metastasis was found to range from 1.7 to 14% in patients with cancer, and from 0.7 to 3.5% in the general population [10] . Traditionally, cardiac metastases are divided into 3 main categories: uncommon primary tumors with a high metastatic potential (melanoma and thymoma); common primary tumors with a moderate metastatic potential (stomach, liver, ovary, colon, and rectum carcinomas), and finally common tumors that rarely metastasize to the heart [11] . Malignant tumors metastasize to the heart via 1 of 4 pathways: direct extension, hematogenous spread, lymphatic spread, and intracavitary extension from the inferior vena cava [12] . It has been reported that cardiac metastases are usually epicardial, asymptomatic, and rarely limited to cardiac structures [11] . ASPS has an indolent clinical course, with a high tendency to metastasize via hematogenous dissemination [13] . It predominantly affects adolescents and young adults, and the most common primary sites are the lower extremities, frequently the thigh [14] . ASPS is often asymptomatic and is sometimes only detected after long disease-free intervals; cardiac metastases from ASPS are rare [4, 5] . In advanced forms of cardiac metastases, tumor growth is frequently accompanied by bloody exudate in the pericardial sac, which may result in a life-threatening tamponade. The selection of a treatment plan largely depends on the tumor type and location. Currently, there is no effective standard systemic treatment for patients with unresectable ASPS [6] . For patients with cardiac metastases who have a limited life expectancy and a poor status, it is very important to keep treatment time as short as possible [10] . Traditional treatment, including surgical resection and radiation therapy, is often disappointing; survival time for most patients with cardiac metastases is a year, although occasionally patients survive for several years [6, 10] . Standard cytotoxic chemotherapy regimens used for the treatment of soft tissue sarcomas are ineffective in treating ASPS [8] : overall, a 5-year survival rate of only 7% has been reported. This poor prognosis for cardiac metastases makes it important to select the appropriate mode of therapy [15, 16] . In many developed countries, these tumors are treated with a variety of targeted therapies (e.g., sunitib, sorafenib, cediranib, or cabozantinib). Recently, cediranib (AZD2171), a novel antitumor drug, was used in a phase II trial by Kummar et al. [6] . Cediranib is a potent, oral, small-molecule inhibitor of all 3 vascular endothelial growth factor receptor (VEGFR-1, -2, and -3) tyrosine kinases, which mediate angiogenesis and lymphangiogenesis [17, 18] . The trial is still ongoing, and cediranib has not yet been approved for use in China.
Given the lack of treatment options for these patients, new locoregional and systemic therapies are needed. In the present case, where the disease was disseminated, treatment should be palliative. As the patient had widespread metastases, he was not a suitable candidate for treatment by surgery or radiotherapy; considering the patient's economic factors, cryosurgery combined with iodine-125 implantation was recommended.
Cryosurgery is a novel therapeutic approach in the treatment of benign and malignant tumors, especially unresectable tumors [19] . Cryoablation under the guidance of one or more imaging methods can induce the formation of an ice ball and tumor necrosis, which is an attractive option for treating unresectable cardiac metastases. Cryoablation induces tissue damage mainly through two separate freezing-related events: a direct toxic effect on the cells, and an indirect effect on the tumor vasculature. The final result is coagulative necrosis [20] . The direct effect involves enzymatic and cell membrane dysfunction caused by intra-and extracellular ice formation at temperatures below 0 ° C, resulting in osmosis of water out of the cells and cellular dehydration. During the thawing cycle, water returns to the intracellular space and causes cellular lysis. The indirect effect results in occlusion of small blood vessels because of the extreme cold [20] . Cryoablation has many advantages, including the ability to visualize the ice ball [21, 22] , activation of cryoimmunology [23] , no severe damage to large blood vessels [24] , and limitation of pain caused to the patient [25] . A number of clinical trials have reported encouraging results in its use to treat various types of cancer including lung [26] , liver [27] , prostate [28] , renal [21] , and breast cancer [22] . Cryoablation can effectively control a localized tumor, alleviate clinical symptoms caused by oppression of the tumor, improve quality of life, and prolong survival. As the volumes of primary and metastatic tumors can be large, and adhesions to other organs and tissues and invasive growth are often present, cryoablation cannot guarantee complete ablation, and a combination with brachytherapy may be the better solution [29] [30] [31] [32] .
Iodine-125 is an isotope that emits γ-radiation over short distances, resulting in the death of targeted cells. Brachytherapy using iodine-125 seed implantation has been successfully used in the treatment of prostate cancer, including metastatic and recurrent cancer [33] . Under CT guidance, an iodine-125 seed was implanted into the perimeter of the cryoablation ice ball that cannot be covered for 3D tissue stereotactic locally conformal radiotherapy. Using iodine-125 as the seed source has the advantages of small volume and low capacity, making it ideal for use in a suspected positive margin after tumor resection or tumors involving vital structures. It is used to prevent or delay residual tumor cell growth, invasion, or metastasis. This technique also has the following advantages: radiation from the seeds is attenuated within a short distance of the target area, ensuring that the highest cumulative dose is confined to the tumor with minimal damage to neighboring organs [34] . Secondly, radiation is applied continuously throughout the treatment, resulting in the protracted killing of tumor cells over several weeks or months. These advantages suggest that iodine-125 seed implantation may be an effective complementary therapy alongside cryosurgery in the treatment of unresectable cancer.
Studies have also shown that cryotherapy can increase the efficacy of radiotherapy, due to the high metabolism and vascularization of the residual tumor and also because cooled cells are more radiosensitive [35, 36] . Moreover, cryotherapy can be carried out in a restricted area, reducing or avoiding damage to physical vessels and normal tissue. However, whether this combined approach can extend overall survival remains unclear. In our case report, cryoablation combined with iodine-125 implantation in the treatment of cardiac metastases was clinically effective and safe. The dose delivered to the target was satisfactory, the side effects were acceptable, and there were no obvious complications. The follow-up review and over 1 year of overall survival found that the tumor was significantly controlled in a short time, and suggest that the treatment was effective.
The presence of pericardial effusions in patients with carcinoma is a characteristic symptom of metastatic cardiac involvement [37] . Multiple metastatic implants usually invade the mediastinal lymphatic vessels and, consequently, would manifest as pericardial effusion and eventually cardiac tamponade. Although clinically silent in up to 90% of patients, pericardial effusion or incipient cardiac tamponade are hallmarks of cardiac involvement by malignant conditions [11] . In our study, the patient had a large volume of pericardial effusion without obvious clinical symptoms, so we performed pericardiocentesis to relieve the pericardial effusion.
Our results suggest that cryotherapy combined with iodine-125 implantation is an alternative treatment option for patients with unresectable cardiac tumors and provides a successful reference for future cases of cardiac metastases.
In summary, the case is one of the first which uses cryoablation combined with iodine-125 implantation for the treatment of cardiac metastasis. Further prospective investigations with long-term follow-up are needed.
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